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Abstract 

After improving Type PO20 Loran-C Receiver, we obtained an output 
of phase difference with 1 ps full scale and therefore increased 
the resolution rate of phase difference AP between our clock and LC 
signals. When the weather changes we often record the obvious vari- 
ation of AP. Sometimes, the period of the variation was about 9 min 
and the amount of the variation of A P  was up to several hundred ns, 
and the attenuation of amplitude M of LC groundwaves was in excess 
of 8 db. After making a comparison between some results, we realize 
that the AP and M of LC groundwaves were affected by acoustic- 
gravity waves generated by cold (warm) currents or typhoons, and 
that the LC sky waves were affected by more acoustic-gravity waves 
with longer periods. 

Introduction 

For a long time, the typical precision of phase measurement of 
Loran-C groundwaves has been about fO.l ps, and such waves are used 
for high precision positioning of navigation, timing and frequency 
calibration. In recent years, scientists have studied the variation 
of LC groundwaves which is affected by the atmosphere (Samadar, 
1980; Mungall,l981). And Dr. M. Takagi(lS80),Dr.G.C. Rumi(1983) and 
Dr.Y.N. Huang (1985) reported that probably acoustic-gravity waves 
affected the propagation of VLF, LF and FiF signals respectively. We 
also keep on receiving the LC groundwaves on a 24-hour basis. After 
improving Type PO20 (modeled on the Model 2000C) LC Receiver, we 
obtained an analog output of phase difference with 1 ps full scale, 
and increased the resolution rate of phase dif. AP on the chart 
recorder up to +I0 ns and even fewer than f10 ns. Then we discov- 
ered that the phase of LC groundwaves, sometimes, was unstable and 
variation of the phase was often in excess of 550 ns, even up to 
several hundred ns. The wavelike variation of phase dif.,sometimes, 
became a very clear quasi-sinusoidzl variation. Similar variations 
were also recorded by Model 2100 LC Receiver. So the variation may 
be caused by some waves generated by the atmosphere. The above men- 
tioned is to be discussed as follows. 

Possible influence of acoustic-gravity waves on LC groundwaves 

1. We receive the LC signals of LC/9970-Y, LC/9970-M,or BPL. The 
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r e l a t i v e  p o s i t i o n  b e t w e e n  N a n j i n g  
and t h e  L C  s t a t i o n s  i s  shown i n  
F i g . 1 .  I n  n o r m a l  c a s e s ,  t h e  v a r i -  
a t i o n  o f  p h a s e  d i f .  ( o r  TOA) i s  
v e r y  s t a b l e  and n e a r l y  a  s t r a i g h t  
l i n e  a s  shown i n  F i g . 2 a .  

Bu t  we o f t e n  r e c o r d e d  v a r i a -  
t i o n s  w i t h  p e r i o d s  o f  2-10 m i n ;  
s o m e t i m e s ,  t h e r e  was o n l y  a  
p e r i o d  o f  9 min o r  so  when t h e  
w e a t h e r  c h a n g e d  o b v i o u s l y .  F o r  
e x a m p l e ,  many v a r i a t i o n s  l i k e  
t h a t  w e r e  r e c o r d e d  f r o m  l a t e  May 
t o  J u n e  7 ,  1984 .  F i g . 2 b  g i v e s  t h e  
r e c o r d s  o f  p h a s e  d i f .  A P  ( w i t h  1  
p s  f u l l  s c a l e )  and a m p l i t u d e  M o f  
LC f r o m  5 J u n e  1900 UT t o  6 J u n e  
0300  UT. A f t e r  c l a r i f y i n g  F i g . 2 b ,  
we d i s p l a y  t h e  r e c o r d s  i n  F i g . 2 c ,  
f r o m  which  we know t h a t  t h e  p e r i -  
od i s  a b o u t  9  min and t h e  r a n g e  F i g . 1 .  Map s h o w i n g  l o c a t i o n s  o f  
o f  f l u c t u a t i o n  o f  A P  i s  f r o m  N a n j i n g  and some L C  s t a t i o n s .  
s m a l l  t o  l a r g e .  A t  a b o u t  5 J u n e  
0000  UT t h e  v a r i a t i o n  o f  A P  was o n l y  2 0 . 0 1  p s ,  i t  i n c r e a s e d  t o  5 0 . 2  
p s  a t  2000  UT and t h e  max. v a r i a t i o n  was a b o u t  1  ps  a t  6 J u n e  0200  
UT. A n o t h e r  c u r v e  i n  F i g . 2 b ,  o n e  o f  M o f  LC s i g n a l s ,  shows t h a t  t h e  
a m p l i t u d e  M o f  t h e  b e g i n n i n g  o f  t h e  4 t h  c y c l e  i n  LC g r o u n d w a v e s  was 
a l s o  a f f e c t e d  and f l u c t u a t e d  t o g e t h e r  w i t h  A P  when t h e  v a r i a t i o n  o f  
t h e  l a t t e r  was l a r g e r .  

Nan j i n g  

G e s a s h i  Iwa J i m a  
9 9 7 0 0 ~  

99700M 

2.  M e t e o r o l o g i c a l  f a c t s  The P  4 
w e a t h e r  a r o u n d  N a n j i n g  i s  c h a n g e a -  
b l e  b e f o r e  and  a f t e r  J u n e .  S i x  s a -  
t e l l i t e  c l o u d  c h a r t s  ( 5 J u n e  0000 
UT t o  6 J u n e  1200 UT) a r e  p r o v i d e d  
i n  F i g . 3 , s h o w i n g  t h e r e  was a  n o r t h  

uj 
west c o l d  c u r r e n t  moving f rom N W  T  ,I 
t o  SE and wen t  o v e r  N a n j i n g  a t  ('c) 
t h a t  t ime.  A f e w  h o u r s  b e f o r e  5 
J u n e  0000  UT, a  p a r t  o f  t h e  c o l d  
f r o n t  was on  i t s  way t o  N a n j i n g  
and t h e  f l u c t u a t i o n  was a b o u t  f 1 0  

f r o n t  came t o  N a n j i n g  and q u i c k l y  I I I 

t h e  f l u c t u a t i o n  v a n i s h e d  and a t  

30:: n s .  About 6 J u n e  0 2 0 0  UT t h e  c o l d  2 0  

oh oh oh (UT) 
1200  UT o r  so t h e  m i d d l e  p a r t  o f  J u n e  5 J u n e  6 J u n e  7 
t h e  c o l d  c u r r e n t  was n e a r  N a n j i n g .  
From F i g . 4 , w e  s e e  t h a t  t h e r e  was a  F i g . 4 .  T e m p e r a t u r e  and p r e s u r e  
marked d r o p  i n  t e m p e r a t u r e  and a n  i n  N a n j i n g .  
o b v i o u s  r i se  i n  p r e s s u r e  i n  h e r e .  

3. A c o u s t i c - g r a v i t y  waves .  I n  t h e  a t m o s p h e r e ,  o n c e  t h e  a i r  i s  



Fig.2a Top M of LC signals in normal case. Bottom A P of LC. 
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Fig.2~ Top M of LC . Bottom A P of LC. 



Pig.3 S i x  s a t e l l i t e  cloud c h a r t s  showing a cold current  went over Nanjing. 



disturbed, it will deviate from its equilibrium position, thus 
setting it in motion under the action of gravity. If the vibrations 
propagate in all directions, waves will appear, so that the temper- 
rature(T), pressure(P) and humidity(e) also waver. The higher the 
altitude of waves over the ground, the longer the period is. But 
the delay of time of groundwaves,+, is influenced by the reflec- 
tive coefficient of radio-atmosphere, n, and we have 

Hence, when acoustic-gravity waves are going through the propaga- 
tion path of LC, they are able to affect the propagation of LC sig- 
nals. Our station, 262 m above the sea level, is located on the 
hill and is about 250 m higher than the plain around. So the fluc- 
tuation of A P  is probably caused by the acoustic-gravity waves pro- 
duced by the NW cold current. Thus the nearer to Nanjing the cold 
current moves, the larger the fluctuation of A P  is. When the cold 
current reaches Nanjing and breaks the stable structure of the at- 
mospheric layer around here, the acoustic-gravity waves disappear. 

Analysis of results of both sky and ground waves 

1. The influence of acoustic-gravity waves on LC sky waves seems 
to be observed by Dr.M. Takaji et al. The periods between 5 
to 60 min and more were found by a power spectrum analysis. Fig.3 
in his paper shows that there are some peaks on the power spectra 
and the corresponding periods are about 7, 9 ,  16, 40, 48 min, etc., 
but the period of peak with max. normalized, Pm, is 48 min. By com- 
paring the results obtained from 7 nights' observations, we notice 
that the positions of peaks on the power spectra are almost at ran- 
dom and the periods of peaks are variable. 

The influence of acoustic-gravity waves generated by typhoon on 
HF radiowaves(5.2 MHz and 7.8 MHz) was observed by Dr. Huang et al. 
The periods detected from power spectra are about 6-80 rnin and 
more. The period with max. spectral density was 13 min. 

Possible influence of acoustic-gravity waves on VLF(GBR, 16 KHz) 
and L F (  MSF, 60 KHz was also recorded by Dr. Rumi, the results 
were similar. 

2. As mentioned above, comparing the sky waves with groundwaves, 
we learn that the sky waves were obviously affected by acoustic- 
gravity waves with many longer periods ( tens of mimutes). Next, in 
contrast with the LC sky waves reflected from D layer, HF sky waves 
were influenced by more acoustic-gravity waves with longer periods. 
It is well-known that the reflective layer of HF sky waves ( E  or F )  
is higher than D layer and the atmospheric buoyance period in- 
creases with the atmospheric altitude. Thus the aforesaid phenome- 
non, perhaps, is related to altitude. 



3. The a c o u s t i c - g r a v i t y  waves  g e n e r a t e d  b y  c o l d ( w a r m )  c u r r e n t  o r  
t y p h o o n  s h o u l d  b e  r e l a t e d  t o  t h e  s t r u c t u r e  o f  c o l d  (warm) c u r r e n t  
o r  t y p h o o n  and i t s  d y n a m i c  p r o c e s s .  The a l t i t u d e  o f  a  c o l d  c u r r e n t  
i s  a b o u t  0-3 km and t h e  a l t i t u d e  o f  a  t y p h o o n  c e n t e r  i s  a b o u t  3-15 
km. I t  meri ts  a t t e n t i o n  w h e t h e r  t h e  a l t i t u d e  i s  r e l a t e d  t o  t h e  f a c t  
t h a t  t h e  m a j o r  p e r i o d  o f  a c o u s t i c - g r a v i t y  waves  g e n e r a t e d  by c o l d  
c u r r e n t  was s h o r t e r  t h a n  t h e  p e r i o d  o f  t h e  waves  by t y p h o o n .  F o r  
t h i s  r e a s o n ,  we i n t e n d  t o  make i n - d e p t h  r e s e a r c h e s  on  t h e  b a s i s  o f  
a n a l y s i n g  more d a t a .  

C o n c l u s i o n s  

1 .  I n  t h e  a t m o s p h e r e , b o t h  t y p h o o n  and c o l d ( w a r m )  c u r r e n t  c a n  re-  
s p e c t i v e l y  g e n e r a t e  a c o u s t i c - g r a v i t y  w a v e s ,  t h e  i n f l u e n c e  of which  
on  p r o p a g a t i o n  o f  r a d i o w a v e s  f r o m  VLF t o  HF was o b v i o u s l y  o b s e r v e d .  

2 .  I n  c o n p a r i s o n  w i t h  g r o u n d w a v e s ,  s k y  waves  may b e  a f f e c t e d  by 
more  a c o s t i c - g r a v i t y  waves  w i t h  l o n g e r  p e r i o d s  

3. The i n f l u e n c e  o f  a c o u s t i c - g r a v i t y  waves  c a n  b e  r e c o r d e d  by 
t h e  LC r e c e i v e r  w h i c h  h a s  a n  a n a l o g  o u t p u t  o f  p h a s e  d i f .  w i t h  1  ps 
f u l l  s c a l e ,  s o  t h e  r e c e i v e r  c a n  b e  u s e d  t o  s t u d y  t h e  i n f l u e n c e .  

4. S o m e t i m e s ,  a c o u s t i c - g r a v i t y  waves  p r o b a b l y  a f f e c t  t h e  a c c u -  
r a c y  o f  r a d i o p o s i t i o n i n g  ( i n c l u d i n g  GPS ) and a l s o  t h e  p r e c i s e  com- 
p a r i s o n s  o f  b o t h  time and f r e q u e n c y  v i a  a r t i f i c i a l  s a t e l l i t e  o r  
by  means  o f  V L B I .  
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